A science librarian and a microbiology professor collaborated to assess information-seeking, evaluating, and usage abilities before, during, and at the end of a senior-level geomicrobiology course. ACRL's Information Literacy Competency Standards for Higher Education was used as a guide in designing a survey and checklists to measure literacy levels. Following an initial survey of the students' information literacy level, two instruction sessions were provided in the use of bibliographic finding tools available from the University of Oklahoma Libraries. During each subsequent class meeting, students presented, critiqued, and discussed a referred article. The cycle was repeated, and the survey was administered again at the end of the semester. The survey results indicated an 11 percent increase in information literacy, but no significant improvement in the students' ability to present, critique, and discuss information. A model for incorporating information literacy into upper-level undergraduate science courses and an instrument for measuring information literacy are proposed.
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n 1989, the American Library Association's (ALA) Presidential Committee on Information Literacy defined information literacy as a set of abilities requiring individuals to locate, evaluate, and effectively use needed information. 1 Information literacy not only promotes success during an individual's academic career, but it also helps him or her to subsequently be competitive in the world market and to become a lifelong learner. Achievement of information literacy has become even more challenging as society has grown increasingly dependent upon electronic communication and technologies. The 1989 ALA report gives a series of recommendations for fostering information literacy and encourages further investigation of methods for benchmarking information literacy abilities and progress.
Moreover, several programs for enhancing information literacy in both traditional and Web-based teaching environments have been published. 2, 3 Despite the importance of monitoring the success of these programs, very few studies have addressed how any improvements achieved in information literacy can be measured. 4 One goal of this investigation was to devise an instrument for measuring information literacy using the Association of College and Research Libraries' (ACRL) Information Literacy Competency Standards for
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Higher Education as a guide in combination with a survey previously used for the study of information literacy of physical science graduate students. 5, 6 Earlier studies have pointed to the importance of partnering academic librarians with faculty members to integrate information literacy programs into the general curriculum. 7 A science librarian collaborated with a microbiology professor to develop an instrument to test the effectiveness of including an information literacy component in the teaching of an upper-division geomicrobiology course. The course was considered ideal for integrating an information literacy program because it requires students to use information literacy skills to find, evaluate, and present information related to a referred journal article. Consequently, a second goal of the research was to gather data to assist in the design of an information literacy program that could be easily and seamlessly incorporated into the curriculum of a range of upper-level life and physical science courses. Ultimately, utilization of such a program will advance the information literacy level of students who then will be able to find, evaluate, and use information for lifelong learning and problem-solving.
TABLE 1 ACRLs Information Literacy Competency Standards for Higher Education

Standard One
The information literate student determines the nature and extent of the information needed.
Standard Two
The information literate student accesses needed information effectively and efficiently.
Standard Three
The information literate student evaluates information and its sources critically and incorporates selected information into his or her knowledge base and value system.
Standard Four
The information literate student, individually or as a member of a group, uses information effectively to accomplish a specific purpose.
Standard Five
The information literate student understands many of the economic, legal, and social issues surrounding the use of information and accesses and uses information ethically and legally.
Methodology
ACRL's Information Literacy Competency
Standards for Higher Education was used to design checklists to assess students' information-seeking, evaluating, and usage abilities before, during, and at the end of the geomicrobiology course. 8 The five standards (shown in table 1) are further broken down into a series of performance indicators followed by several specific outcomes. For example, under Standard One, the first of four performance indicators states that the "information literate student defines and articulates the need for information." 9 Seven outcomes are then listed, including "Explores general information sources to increase familiarity with the topic" and "Identifies key concepts and terms that describe the information need."
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The outcomes with the greatest relevance to the required tasks were used as the basis of assessment of the effectiveness of the literacy program used in this investigation.
The study population consisted of eight undergraduate and four graduate students whose ages ranged from twenty to thirty-six years, with the average being twenty-four. The students had been studying at the University of Oklahoma for an average of three and one-half years.
Eight students' native language was English; one student originally spoke Korean; another, Vietnamese; and another, Chinese. One student listed both English and Spanish as his native language. After graduation, two students aspire to attend medical school, four intend to pursue a Ph.D., two desire a career as a laboratory technician, and one wants to be a high school science teacher. One other student would like to study epidemiology at the master's level, and two students do not yet have any definite career plans. The students' majors included microbiology (seven undergraduates), geology (one undergraduate), environmental chemistry (three graduate students), and natural science (one graduate student). Two microbiology majors reported pursuing a second major: one in biochemistry and one in Spanish.
Early in the semester, a questionnaire was distributed to assess the self-reported level of information literacy of the students enrolled in the class. The questionnaire was adapted from one that had been used successfully in an earlier investigation by the librarian.
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At the beginning of the term, the librarian provided detailed instruction on finding information to support the students' class assignments on two occasions. The sessions were onehour, hands-on library instruction classes in the use of bibliographic finding tools available from the University of Oklahoma Libraries. Instruction included use of the suite of databases available via OCLC's First Search, as well as Chemical Abstract Service's SciFinder Scholar and Carl UnCover.
After the library instruction sessions were completed, each subsequent class consisted of a fifty-minute lecture by the microbiology professor followed by a presentation of a referred journal article by one student. The assigned articles were published in the journals Science and Nature between 1982 and 1997 and are listed in table 2. The presenter also was instructed to perform a literature search to find two articles related to the one being presented. One article was required to be from a nonrefereed journal (popular) and another from a longer-format refereed journal. The presenter submitted a one-page discussion of the major differences between the contents and the conclusions of the three papers. Another student delivered an oral critique of the article and prepared a onepage summary of their criticisms. To stimulate discussion, two other students then asked a question about the presented article. The students submitted written copies of their questions. The faculty member graded these written and oral literacy events to evaluate the students' understanding of the material in the articles. The librarian assessed their ability to locate, evaluate, and effectively use the information in the papers using checklists based on the ACRL standards. 12 Students who demonstrated competence in an information literacy skill on the checklist were given a score of one; those who did not were given a score of zero.
After every student had an opportunity to present a paper, the undergraduate students repeated the cycle and their later works were compared for differences in their information-seeking, evaluating, and usage abilities. The graduate students submitted a formal paper rather than participating in the second round of presentations, critiques, and questions. At the end of the semester, the initial questionnaire was administered again to monitor any changes in the students' level of information literacy. Students' t-tests were performed to determine whether their literacy scores significantly changed as a result of the course design. 13 How often each student participated in each class session also was recorded. These data were collected to assess outcome "1a" from Standard One, which suggests that an information student "confers with inStudents were considered to have improved in a literacy outcome if the initial number of students with problems decreased from two or more to one or none by the end of the semester. structors and participates in class discussions, peer workgroups, and electronic discussions to identify a research topic, or other information need." 14 In addition, qualitative comparisons were made between the first and second presentations, critiques, questions, and surveys. The students were considered competent in a specific literacy outcome if one or no students had difficulty with the outcome under scrutiny throughout the semester. Students were considered to have improved in a literacy outcome if the initial number of students with problems decreased from two or more to one or none by the end of the semester. Finally, the class was considered to have continued problems if three or more students did not exhibit the specific outcome being examined at any time during the semester. Figure 1A illustrates student scores for the presentations. The scores were determined according to the students' ability to achieve specific outcomes designated by Standards Three and Four. (See table 1.) On the whole, the undergraduates fared better than the graduate students, but their scores did not improve from the first to the second presentation. In fact, the literacy scores declined significantly as indicated by a paired student's t-test at the level of p < 0.1.
Results Presentations
Despite this lack of improvement, however, students were found to be consistently competent in several specific outcomes. With respect to Standard Three, the students were able to select the main ideas and data from the text and then to accurately restate the concepts in their own words. Competency also was exhibited in the students' ability to analyze the logic of the supporting arguments presented in the papers and to recognize interrelationships among the concepts in the papers. Moreover, the students were able to combine the concepts into meaningful statements and to support them using evidence from the papers. With regard to Standard Four, the students proved to be proficient in using information effectively to accomplish their specific purpose because they delivered well-organized and logical presentations that integrated new information with information previously learned from lectures or other papers.
Improvement was shown in two specific outcomes. In the second presentation, the students more uniformly identified and appropriately quoted material from the papers than they had in the first presentation. Also, the second presentations were more polished and practiced than the first. However, problems continued throughout the semester, primarily with outcomes from Standard Three. In Standard Three, information literacy is designated as the ability to both evaluate information sources critically and incorporate selected information into one's own knowledge base and value system. In particular, students did not place the information in the papers within any context beyond the geomicrobiology course. The investigators added an outcome as an extension of Standard Three to assess the students' ability to answer questions intelligently, clearly, and concisely. It was found that the students were ill prepared to field the questions formulated by either their fellow students or the professor.
Critiques
For the critiques of the papers, outcomes from Standards Three and Four again were used to assess the students' information literacy level. In addition, one outcome from Standard Five, the selection and consistent use of an appropriate documentation style, was examined. The students' critique scores remained constant throughout the semester as illustrated by figure 1B.
When critiquing a paper, students were able to recognize prejudice, manipulation, and deception. Similar to presenters, students doing a critique demonstrated the ability to recognize interrelationships among concepts and then combine them into constructive statements with supporting evidence. Throughout the semester,
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those critiquing determined the probable accuracy of the data by questioning the source and whether to incorporate or reject the viewpoints stated in the papers. Also, from the outset, these students communicated clearly in a style that was appropriate for their classroom audience.
Improvement was observed in the students' examination and comparison of information from a variety of sources in order to evaluate the reliability, validity, accuracy, authority, timeliness, and point of view presented in the papers. Also, the students integrated the new information from the papers with previously learned information to a greater extent in their second critiques than they had in the initial critiques.
The only continued problem highlighted by the critiques was the students' failure to select and appropriately docu- ment the sources cited, in particular, the paper that was subject to critique.
Questions
The undergraduate students had four opportunities to raise questions about the papers studied, and the graduate students had two. Similar to the presentations and critiques, the information literacy scores of the questions were assessed using outcomes from Standards Three and Four. Figure 1C shows that neither group of students showed a significant improvement in these scores as the semester progressed. As in the presentations and critiques, when questioning the information in the papers, the students were proficient at recognizing the interrelationships among the papers' concepts and combining them into meaningful statements with supporting evidence. Unlike those presenting a paper, questioners were able to extend the papers' initial hypotheses to a higher level of extraction. The students also consciously selected criteria from other sources to question the information given in the papers. Consistent with the competencies and improvements observed in the presentations and critiques, the questions were well organized and communicated clearly and logically in a fashion that supported the intended purposes of the class. Although the questioners exhibited these competencies, none of the outcomes assessed were found to improve and two problems persisted. The students questioning the papers did not effectively reach conclusions based on the information in the papers nor did they consistently apply prior knowledge to the formulation of the questions asked.
Surveys
The literacy level of the undergraduate students as assessed by the self-reporting surveys improved by 11 percent over the semester. (See figure 1D. ) On the other hand, the survey scores of the graduate students remained static. The competencies measured by the surveys arose from Standards One and Two, in addition to many of the outcomes previously assessed from Standards Three and Four. With respect to Standard One, the students were competent in determining the nature and extent of the information needed in so much as they defined or modified their requirements to achieve a manageable focus. The students also effectively described criteria used to make informed decisions and choices about the information needed to support their course work and research projects.
Standard Two focuses on accessing information effectively, and the students did indicate developing a research plan to optimize their information-searching activities. The surveys showed that the students were competent in Standard Three's outcomes of determining whether the initial information need was satisfied or whether continued searching was required. Also, with respect to Standard Three, the students indicated that they reviewed information retrieval sources and searched additional sources until their information need was satisfied.
The survey responses showed improvement over the semester in several outcomes from Standard Two, including the students' understanding of the scope, content, and organization of the information retrieval systems available at the university. Moreover, by the end of the semester, the students showed improvement in their ability to assess the quantity, quality, and relevance of searching methods employed, as indicated by the wider variety of methods used. Lastly, from Standard Two, by the end of the semester more of the students had discovered methods for organizing information. Improvement in a Standard Three outcome was observed as a greater number of students indicated that they reviewed their search strategies and used additional Moreover, most of them did not optimize their searching efficiency by selecting the most appropriate technologies to extract the needed information or by using tools to help them manage their information.
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concepts, as necessary, at the end of the semester than they had at the beginning.
Throughout the semester, problems persisted in several specific outcomes of Standards One and Two. Standard One suggests that an information-literate individual should explore general information sources such as encyclopedias, dictionaries, and handbooks at the outset of their information quest, but only one student carried this out. Also, from Standard One, students overall did not determine the local availability of information and decided to expand their informationseeking processes beyond local resources, if necessary. This was despite explanation at the beginning of the semester of the interlibrary loan and document delivery services available from the libraries. The majority of students elected to stop their quest for information when it could not be found locally rather than utilizing these resources. Moreover, the students did not define a timetable as indicated by Standard One but, instead, searched until they "ran out of time."
Although some progress was made in two Standard Two outcomes, students continued to have difficulty in several outcomes, thereby compromising the effectiveness of their search. Specifically, they had difficulty selecting a controlled vocabulary specific to the field of geomicrobiology as well as to the information retrieval sources searched. They also were unable to identify key words, synonyms, and related terms that would help locate information. Further, the students did not take full advantage of the technologies demonstrated to them for the retrieval of information because they did not retrieve information in a variety of formats. Moreover, most of them did not optimize their searching efficiency by selecting the most appropriate technologies to extract the needed information or by using tools to help them manage their information.
Course Grades, Total Literacy Scores, and Class Participation
Originally, it was hypothesized that the students' performance on the literacy events (presentation, critique, and questions) as assessed by the professor and their frequency of classroom participation would mirror the sum of their scores from both the checklists and the surveys. However, as illustrated by figure 2, this was not the case. The course grades on the literacy events were out of forty for the undergraduate students and out of twenty for the graduate students. The undergraduates could achieve a maximum of 150 total points for their literacy score, compared to 104 points for the graduate students. There appeared to be little relationship among the three variables for most of the students. A greater amount of variability was observed in the total literacy scores whereas the course grades achieved on the literacy events were very similar across the group.
The number of class participation events also varied, but not in concert with the literacy scores. A total of 283 class participation events were counted throughout the semester, and 54 percent of these occurred when a student acted as presenter, critiquer, or questioner. The students' reluctance to participate did not reflect their information abilities; the literacy scores were high even among those who rarely participated in class. The graduate students participated only forty-one times, or 14 percent of the total participation events counted.
One undergraduate student accounted for 48 percent of the participation events noted. This student also achieved the highest grade on the literacy events and the highest information literacy score. He is exceptional not only in his enthusiasm and ability, but also because of his intimate knowledge of, and personal interest in, geomicrobiology. He worked in the professor's lab as an undergraduate research assistant and has gone on to purse an advanced degree in microbiology at another institution.
Discussion
Incorporation of an information literacy component into a senior-level geomicrobiology course at the University of Okla-homa successfully enhanced the undergraduate students' information literacy level based on the ACRL standards when assessed using a self-reporting survey. 15 However, their information literacy level was not found to significantly improve when the assessment was based on their ability to present, critique, and discuss information. The students entered the semester with competency in several information literacy outcomes as designated by the ACRL standards, especially in their ability to read a refereed journal article, extract the main ideas, and present the information gleaned in a logical fashion.
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Improvement was seen in many outcomes as a result of the course design, in particular, those outcomes that emphasize the optimal utilization of local resources. The students increased their understanding of the available information retrieval tools and consequently used a wider variety in their quests for information. However, there was room for improvement in many areas despite the library instruction sessions and the information literacy-focused course design. Although the students reported a better understanding of the available information retrieval systems, they did not appear to use this knowledge to enhance their information use.
Although the students achieved high grades on the content of their presentations, critiques, and questions, their checklist results showed that they were unable "think out of the box." The students in the study did not fully answer the questions posed nor did they broaden their study beyond what the instructor required. Only the students questioning the papers extended the information to a higher level of abstraction, and only occasionally did this lead to the formulation of hypotheses different from those proposed in the paper being studied. This lack of desire to achieve a greater understanding of the material was especially evident as the semester progressed, and the presentation scores declined significantly. The decline was perhaps the result of the students becoming overburdened by course work or extracurricular activities.
Indeed, the students were very time conscious. Most of them indicated on their surveys that they would stop search- ing for information when they "ran out of time" rather than when their information need was met. It is likely that time constraints also were responsible for the lack of use of interlibrary loan and document delivery services, even though these would have extended and enhanced their information retrieval success significantly. To relieve some of the students' stress, future information literacy courses could incorporate a time management component to help students plan, implement, and document their information searches. Students then may have more time to draw on past knowledge and to stretch their thinking beyond the information presented in the assigned papers. It also is possible that the students' lack of motivation and inclination to achieve a greater understanding of the material was due to complacency with the grade achieved on their first assignments. In their research, Honora F. Nerz and Suzanne T. Weiner noted that grades are powerful motivators for engineering students who "become masters at being able to do the minimum amount of work for the maximum grade available." 17 Similarly, Barbara Valentine found that humanities and social science undergraduate students were so highly propelled by grades that they spent an enormous amount of energy trying to find out what the professor wanted rather than concentrating on the course material.
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In this study, lack of motivation was accompanied by infrequent participation in classroom discussions. It was especially troublesome for the investigators to observe the graduate students, who were expected to be the more mature, experienced, and confident members of the group, contribute only 14 percent of the total participation events recorded. Students participated primarily when they were involved in a literacy event (i.e., presenting, critiquing, or questioning). Otherwise, they relied on the questioners, the professor, and the one enthusiastic student to stimulate the discussion. Currently, the professor is using the same course design but is requiring all students to formulate and hand in a question every day. Two students are randomly selected to pose their questions to the class. The professor is finding that not only has individual class participation increased, but he is also gaining a better understanding of the students' grasp of the concepts in the papers. Moreover, the class size is larger this semester (twenty undergraduate and five graduate students), which may contribute to the increased class participation.
Other methods to stimulate heightened interest in the course material and to increase involvement in the classroom discussions would be to include breakout sessions inside or outside the class period, where students are required to formulate questions together and raise them as a group. Some students may perceive such a peer-centered environment to be less threatening and thus may participate to a greater extent than they do in the more public forum of the classroom.
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Another way to increase student involvement would be to set up one-on-one meetings with the instructor to discuss the paper or other topics of concern prior to the students' presentations. Students also could meet individually with the librarian to discuss specific information-seeking queries.
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Commitment on the part of the instructor and the librarian to individualized instruction may encourage the students to give more of themselves to the learning process. Also, building confidence in individualized fashions, outside the more public arena of the classroom, may allow students to feel more at ease and thus better able to participate in class.
The surveys also indicated that several of the students were unwilling to improve their methods of information retrieval. Although their selection was broadened, the databases were searched with a limited selection of terms despite detailed library instruction. Better use of the tools available and retrieval methods may be achieved by scattering the library instruction sessions throughout the semester, in smaller doses when it may be more relevant to the students' information needs, rather than at the beginning of the semes-ter. This could be used in conjunction with the current design by adding self-paced Web-based tutorials and/or by electronically mounting Power Point slides or videos of the initial presentations for the students to refer to when necessary.
Another troubling discovery was the inconsistent-and frequently nonexistent-documentation of the sources used in the presentations, questions, and critiques. The students cited neither the paper studied in their written assignments nor any additional sources read. Apparently, students do not find it necessary to cite the resources used. Thus, any further information literacy education should focus on the importance of correctly and thoroughly referencing material used in course work.
Many studies have touted the importance of the faculty-librarian partnership in ensuring the success of an information literacy program. 21 Indeed, the partnership between professor and librarian was instrumental in effecting, implementing, and evaluating the design of the course. When evaluating the students, the professor found that they performed consistently well in all the literacy events and in the course as a whole whereas the librarian found greater variability in the their information literacy based on the ACRL standards.
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In fact, achievement on the literacy events bore little resemblance to the students' ability to demonstrate specific literacy outcomes. Because it is apparent that the students are capable of producing a good product, despite variability in information literacy competency, the specific outcomes the librarian was looking for might be unrealistic. Since this study was conducted, the ACRL Instruction Section (IS) has developed a set of more practical objectives. 23 Use of the IS objectives may have resulted in closer correlation between the instructor's grades on the literacy events and the literacy scores calculated by the librarian.
Conclusions
This investigation presents a design for incorporating information literacy into a senior-level science course. The students reported themselves to have enhanced information-seeking abilities as a result of the course design in which library instruction is paired with critical analysis of the research literature. However, this perceived enhancement was not reflected in a significantly improved ability to use information. Future research to optimize both the retrieval and use of information should include instruction in time management and documentation of sources consulted. Information education should include explicit details about the accessibility of external resources as well as the nuances of key word and subject searching. Greater strides in information literacy development also may be achieved by restructuring the timing of the library instruction so that the sessions are shorter, more frequent, and scattered throughout the semester. Moreover, materials should be available on the Web to support the library instruction sessions. Individual sessions with the instructor and the librarian are recommended to boost the students' confidence in their grasp of the material and information-seeking skills. Further, group sessions would provide students with the opportunity to formulate questions in a less threatening, peercentered environment.
The study also suggests an instrument for measuring information literacy based on several of the specific outcomes from ACRL's Information Literacy Competency Standards. 24 ACRL's more recently developed literacy objectives are more practical in nature than those used and thus are likely to prove useful in improving the instrument employed. 25 Also, a Lickert, rather than a binary, scale should be used to better discern the subtle differences among the students. Finally, testing the design with a larger class size or with several science classes would be helpful in illuminating the influence of library instruction on the information literacy of science students.
This type of research promoting information literacy is critical to foster the literacy level of students who, ultimately, will become critical thinkers and lifelong learners and thereby well equipped to succeed in the work force and contribute positively to society.
